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Introduction
In the last three decades we have made considerable 
progress in combating breast cancer, and during this 
time physical activity has emerged as an important 
modifiable health behavior that can play a key role 
in both the prevention and treatment of this disease. 
In this report we will highlight the role of two 
pioneering researchers in developing the hypothesis 
that physical activity can prevent breast cancer and 
review briefly the data that forms the evidence base 
for the inverse association between physical activity 
and breast cancer. In addition, we will examine 
the biological mechanisms through which physical 
activity may influence the natural history of breast 
cancer, and examine the rapidly growing body of 
research that demonstrates the important role for 
physical activity/exercise programs among breast 
cancer survivors.  

Breast Cancer Epidemiology
Breast cancer is the second leading cause of cancer death among women in the United States. In 2009 
more than 192,000 women were diagnosed with invasive breast cancer, and about 40,000 died from the 
disease (1). Trends in the incidence of breast cancer have been influenced in recent years by a number of 
factors including increased access to screening mammography, the obesity epidemic, and most recently 
cessation of hormone replacement therapy by many postmenopausal women. Since 2001, incidence rates 
have trended downward, and further advances in improving survival following a breast cancer diagnosis 
can be linked to improved treatment regimens, such as new chemotherapeutic agents, and hormone and 
biological therapies (e.g., tamoxifen, aromatase inhibitors). The proportion of women that live for five 
or more years after being diagnosed with breast cancer has increased from 75% in 1975 to about 90% 
currently. In 2006 it was estimated that there were more than 2.5 million breast cancer survivors in the 
United States. A common definition of “cancer survivor” is any individual who has had a diagnosis of 
cancer, from the point of diagnosis and for the balance of her life.
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Evolution of the Physical Activity–Breast 
Cancer Hypothesis
There are few modifiable risk factors for breast cancer. Early evidence
that linked obesity and reproductive factors, such as age at menarche
and menopause, to risk for breast cancer led researchers to focus 
on modifiable behaviors that may influence these factors. Dr. Rose 
Frisch was among a small group of population scientists that 
developed the physical activity–breast cancer hypothesis in the 
early 1980s. Her research program focused on determinants of 
female fertility and menstrual dysfunction, and in particular on 
the affects of energy intake, physical activity, and body weight (fat) 
on reproductive health. In 1985, her group was first to publish 
findings investigating the potential association between physical 
activity and breast cancer. 

Dr. Frisch conducted a retrospective cohort study among female 
college alumnae that compared the prevalence of breast cancer 
between women who participated in college athletics and women 
that did not participate in sports or athletics in college (2). As she 
noted, the “remarkable result” was that the prevalence of breast 
cancer in the non-athletes was about twice that of the college 
athletes (Odds ratio = 1.86 [95% CI: 1.00-3.47]). The athletes were 
also noted to have a later age at menarche, earlier menopause, 
and were leaner than non-athletes and these factors were 
proposed as possible biological mechanisms underlying the 
association observed (2). 

Interestingly, the women who reported participating in college 
athletics were lifelong exercisers. Eighty-two percent of the 
athletes reported sport participation prior to going to college, 
and a subsequent report from this study indicated that 74% of 
them maintained their exercise participation into mid-life (2, 3). 
Dr. Frisch’s other studies in this era were conducted among ballet 
dancers, elite oarswomen, and in a unique case study, she 
examined the metabolic, endocrine, and reproductive changes as 
a 24 year old woman trained for and completed a swim of the 
English Channel (2). In response to training, changes in insulin 
secretion and reproductive hormones that, as we will discuss in 
subsequent sections of this report, would be consistent with 
reduced risk for breast cancer.

The next major advance in the physical activity–breast cancer 
hypothesis was made by another avid swimmer, Dr. Leslie Bernstein.
Her 1994 study (4) examining the role of lifelong exercise 
participation and breast cancer risk in young women (< 40 yrs) 
was a landmark study that ignited research on the role of physical 
activity and breast cancer in particular, and physical activity and 
cancer in general. Dr. Bernstein trained in a group at the University 
of Southern California that was instrumental in developing the 
science regarding the role of estrogen and progesterone levels in 
the development of breast cancer and that highlighted the importance 
of the number of ovulatory cycles during a woman’s reproductive 

years as a determinant of breast cancer risk, owing to the exposure 
of the breast tissue to both estrogen and progesterone in the 
second half, the luteal phase, of the menstrual cycle (5). 

Dr. Bernstein conducted a case-control study in Los Angeles, CA 
from 1983 to 1989, which compared lifetime histories of exercise 
participation between 545 breast cancer cases to a similar number 
of women without breast cancer (controls) that were matched to 
cases on age, race, number of pregnancies, and the neighborhood 
in which they lived. She reported a strong inverse relationship 
between levels of lifetime exercise and estimated that women who 
exercised for 3.8 hour/week or more had about a 60% reduction in 
risk for breast cancer compared to women who reported no 
exercise participation (Odds ratio = 0.42 [95% CI: 0.27-0.64]). 

Since these reports were published, more than 60 epidemiologic 
studies have examined the physical activity and breast cancer 
hypothesis and the accumulated evidence was sufficiently 
compelling that Physical Activity Guidelines for Americans 2008 
indicated that there is strong evidence that physical activity may 
prevent breast cancer. A recent review by Friedenreich and Cust 
2008 (6) noted that 47 of 62 (76%) studies examined indicated a 
protective association between higher levels of physical activity 
and incident breast cancer. The average risk reduction among 
more active compared to less active women was 25 to 30%. 
Furthermore, there was substantial evidence for a dose-response 
relationship in 28 of 33 studies that examined this issue. That is, 
there was consistent evidence that intermediate levels of activity 
provide some benefit, and higher levels provide more protection. 
The protective association between physical activity and risk for 
breast cancer appeared to be stronger for long-term or lifetime 
exercisers, postmenopausal women, and those with a lower body 
mass index. Importantly, the protective association has been 
noted in women of nearly every racial and ethnic background. 

Recent studies also were noted for their indication that the 
protective effect of higher levels of physical activity were seen in 
women with tumors that were more dependent on hormones 
(estrogen and progesterone positive tumors), which typically 
accounts for about two-thirds of the breast cancer cases in this 
country, as well as tumors that were not strongly linked to 
hormones (hormone negative tumors). These data suggest an 
important role for biological mechanisms that are outside the 
classical hormonal pathways leading to many breast cancers. 
Current research on the physical activity–breast cancer hypothesis 
is focused on elucidating more specifically the timing in a woman’s 
life, type of exercise, and dose (frequency, intensity) of activity that 
may provide benefit, as well as a better understanding of the 
biological mechanisms through which physical activity may exert 
its protective effects. Next, we examine information regarding 
these mechanisms that has been developed in both healthy 
women and breast cancer survivors in recent years.
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Biological Mechanisms Explaining the 
Relationship between Physical Activity 
and Breast Cancer
A number of mechanisms have been proposed to explain the 
ability of higher levels of physical activity to prevent breast cancer, 
reduce risk of cancer recurrence, or improve overall survival 
following a breast cancer diagnosis, and these mechanisms include 
the beneficial effects of activity on hormonal exposures, insulin 
and insulin-like growth factors (IGFs), as well as other obesity-related 
factors (e.g., adipokines, inflammation), and immune function (7, 8). 

Sex Hormones

Changes in sex hormones are perhaps the most consistently cited 
potential mechanism for the association between physical activity 
and breast cancer. As noted above female sex hormones are an 
important factor in the development of breast cancer, and in 
premenopausal women exposure to both estrogen and progesterone 
in the luteal phase of the menstrual cycle are believed to be 
the important exposures. Higher levels of physical activity, 
particularly when energy intake does not compensate for energy 
expended during exercise, have been demonstrated to shorten the 
length of the luteal phase, progesterone levels, and can increase 
the number of anovulatory cycles a woman experiences (9), all of 
which would be predicted to reduce her risk for breast cancer. 

In postmenopausal women the primary source of estrogens in
circulation are derived from the conversion of adrenal androgens 
to estrogens by the aromatase enzyme which is found in great 
abundance in adipose/fat tissue (10). Androgens, such as testosterone,
also may play a role in breast cancer. Recent analysis of nine 
cohort studies showed that the risk for breast cancer increased 
significantly with increasing concentrations of estradiol, free 
estradiol, and estrone (all forms of estrogen) in postmenopausal 
women (26). Elevated testosterone levels were also associated with 
increased risk for primary and secondary breast cancer risk in 
both premenopausal and postmenopausal women (26,28). 

Another factor involved in the hormonal link to breast cancer is 
sex hormone binding globulin (SHBG) which is a protein complex 
that acts as a carrier of hormones in circulation. Levels of SHBG 
in circulation are variable and lower levels of these proteins result 
in more hormone being available to breast tissue (i.e., greater 
“bioavailability”). As we will describe below, hyperinsulinemia is 
associated with lower levels of physical activity and/or elevated 
adiposity and can reduce production of SHBG in the liver, 
leading to a greater bioavailability of hormones in circulation. 
Thus, higher levels of physical activity may influence a woman’s 
long-term exposure to sex hormones early in life by exerting an 
influence on the menstrual cycle or via SHBG, or by minimizing 
weight gain during adulthood and therefore reducing the potential 

for the elevated estrogen exposures late in life associated with 
body fat. McTiernan and colleagues (10) examined the influence 
of a 12-month exercise program in postmenopausal women on 
these hormonal factors and found that exercise decreased serum 
estrogens and androgens, and increased SHBG resulting in lower
amounts of free, active estrogens and androgens. Women who
lost more body fat with exercise were noted to have larger changes. 

Insulin and Insulin-like Growth Factors 

Insulin and insulin-like growth factor-1 (IGF-I) both can exert 
growth promoting effect on breast cancer cells, and therefore 
are believed to be important mechanisms associated with the 
development of breast cancer. Insulin and IGF-1 can enhance 
tumor development by stimulating cells to multiply and inhibiting 
cells from dying, or undergoing programmed cell death (i.e., 
apoptosis (11, 12, 13)). Similar to SHBG and sex hormones 
discussed previously, insulin-like growth factor binding proteins 
(IGFBP) are important determinants of the bioavailability of IGF-1, 
and IGFBP-3 is an important carrier of IGF-1 in circulation. 
IGFBP-3 also may either stimulate or suppress cells from 
multiplying by restricting the availability and biological activity 
of IGF-I (11, 12). Although the data are not consistent, high levels 
of IGF-I and low levels of IGFBP-3 have been associated with an 
increased risk of breast cancer and adverse prognostic factors 
after a diagnosis of breast cancer (14, 15, 16). 

Similarly, indicators of hyperinsulinemia have also been linked 
to increased risk for breast cancer (17), as well as survival among 
breast cancer survivors (18, 19, 20). The strong association 
between fasting insulin levels and breast cancer death has led a 
number of oncologists and scientists to consider the targeting of 
insulin as a therapeutic modality among breast cancer survivors, 
particularly because insulin can be modified by lifestyle and 
pharmacologic interventions. There is considerable evidence 
demonstrating the benefits of exercise participation on insulin 
metabolism. Irwin and colleagues showed that moderate-intensity 
aerobic exercise, such as brisk walking, performed on average for 
120 min/wk over six months was associated with a 25% decrease 
in insulin and 7% decrease in IGF-1 among exercisers, and a 5% 
increase in insulin and 2% increase in IGF-1 among controls (21). 
Given that high insulin levels promote the synthesis and activity 
of IGF-I via increases in insulin-mediated changes in IGFBP-3 
concentrations, decreases in insulin would be predicted to 
favorably influence IGF levels. 

Obesity and Weight Gain: 

The association of obesity with breast cancer risk is qualitatively 
different for pre- and postmenopausal women. Obese premenopausal
women are not at increased risk and may be provided some 
protection from breast cancer owing to the relationship between 
obesity and anovulatory menstrual cycles. In contrast, obese 
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postmenopausal women are at increased risk that is associated 
with elevated estrogen levels (22). A 2008 meta-analysis of 31 
prospective studies in postmenopausal women found a 12% 
increase in breast cancer risk for every 5kg/m2 increase in BMI 
(e.g., an increase in BMI from 25 to 30) (23). While aerobic 
exercise has been associated with favorable changes in body fat, 
especially intra-abdominal or visceral body fat, in healthy women 
(24); fewer trials have examined the effect of exercise on outcomes 
of body composition in breast cancer survivors. In a recent 
publication, moderate-intensity aerobic exercise, such as brisk 
walking, performed for approximately 120 min/wk, was associated 
with modest, yet favorable, changes in body fat in postmenopausal 
breast cancer survivors (25).

Many studies over the past 30 years have shown that women who 
are overweight or obese when they are diagnosed with breast 
cancer are also more likely to experience a recurrence or die from 
breast cancer than women who are of a normal weight (16). A 
recent study suggested  that approximately 30%-50% of breast 
cancer deaths among postmenopausal women in the US can be 
attributable to being overweight (26). Similarly, in an analysis 
of obesity on breast cancer survival in premenopausal women, 
Daling and colleagues reported that women younger than 45 
years of age who had invasive breast cancer and a BMI > 25 kg/m2 
were 2.5 times as likely to die of their disease within five years of 
diagnosis compared with women with a BMI < 21 kg/m2 (27). 

Research also suggests that women who gain weight after breast 
cancer diagnosis are at increased risk for breast cancer recurrence 
and death as compared to women who maintain their weight 
after diagnosis (17,18). (28). Analyses from a recent study showed 
that weight gain after diagnosis (~5 to 10 lbs) was related to 
approximately 50% higher rates of breast cancer recurrence and 
death (29). However, several recent studies have called these 
findings into question (19). In studies where chemotherapy was 
dosed by actual rather than ideal body weight, the association 
between excess body weight and poor prognosis has not been seen 
(17,19). Thus, mechanisms other than BMI or weight loss may 
explain the benefit of physical activity on survival after a breast 
cancer diagnosis. 

However, weight gain may still have adverse affects on risk 
of other new cancers and overall survival. Specifically, there 
is evidence that cancer survivors die of noncancer causes at 
a higher rate than persons in the general population (deaths 
being primarily from cardiovascular disease and diabetes) (30). 
Therefore, surviving cancer requires that patients not only treat 
the primary cancer, but also avoid second cancers for which they 
are at increased risk. To improve overall survival, it is important 
for cancer survivors to prevent overweight and obesity via 
increased physical activity or dietary-induced weight loss. (31)
 

Leptin and Adiponectin

Two additional hormones that may explain the relationship 
between physical activity and breast cancer include leptin and 
adiponectin. Adipose (fat) tissue is the primary source of leptin 
and a determinant of circulating leptin levels in the body (32, 
33, 34, 35). A growing number of publications have provided 
support for leptin as a breast cancer risk factor, either by 
direct effects on breast cancer cells, or indirectly by increasing 
estrogen or promoting insulin resistance (8). Evidence from 
various prospective trials of postmenopausal women supports 
the relationship between higher physical activity and decreased 
leptin (36, 37, 38, 39), especially for exercise training of longer 
duration and higher intensities (40). Thus, this mechanism is 
biologically plausible, but the evidence from studies relating leptin 
to postmenopausal breast cancer incidence is not consistent (8). 

In contrast to leptin, adiponectin, a hormone produced by 
adipocytes (fat cells) is involved in metabolism and inflammation 
(41, 42, 43). Adiponectin has a strong inverse correlation with fat 
mass (44); under conditions of obesity, adiponectin concentrations 
are reduced (45). For this reason, adiponectin is gaining recognition
as an interesting and strongly predictive indicator of abdominal 
fat and its consequences, such as metabolic syndrome (30), 
outcomes which may also be influenced by physical activity. 
Among postmenopausal women, an inverse relationship 
between circulating adiponectin levels and breast cancer risk 
has been observed (46). 

Few trials have examined the effects of physical activity on leptin 
or adiponectin in breast cancer survivors. Recently, Irwin and 
colleagues examined the effect of six months of moderate-intensity 
aerobic exercise vs. usual care on leptin and adiponectin levels 
in 75 breast cancer survivors (47). Baseline correlations between 
leptin, adiponectin, and measures of adiposity were strong and 
consistent with available literature; however the intervention did 
not result in statistically significant differences in levels of leptin 
or adiponectin between exercisers and usual care participants. 
Future research must examine the nature of the relationship 
between exercise, adiposity, and adipokines in breast cancer 
survivors, and determine whether exercise alone is sufficient to 
cause favorable changes in these hormones, which are highly 
correlated to adiposity, or if greater weight loss (with the 
addition of a low-calorie diet) is necessary to see favorable 
effects on adipokines. 

Inflammation

Biomarkers of  low-grade chronic inflammation, such as  
C-reactive protein (CRP), serum amyloid A (SAA),  tumor 
necrosis factor-α (TNF-α), and interleukin (IL)-6,  have been 
linked with increased cancer risk (48). Although there is limited 
epidemiologic literature on inflammation and breast cancer risk 
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(8), these biomarkers of inflammation may affect breast cancer 
through their effects on apoptosis, cell proliferation, angiogenesis, 
and metastasis (49). There is evidence that physical activity might 
reduce chronic inflammation alone, or by reducing body weight or 
composition (7), given that inflammatory factors have been shown 
to correlate with body fat (45). 

Chronic inflammation has also been associated with higher rates 
of recurrence and death for several cancers including breast 
cancer (50, 51). Breast cancer patients have been shown to have 
elevated concentrations of CRP prior to surgery, and CRP is 
higher in women with more advanced stage of disease (52). Little 
is currently known about the effect of physical activity on CRP, 
IL-6, and TNF-α in breast cancer survivors. 
 

Physical Activity among Breast Cancer Survivors

As survival has increased following diagnosis, women who have 
experienced breast cancer treatments are facing unique physical 
and psychological challenges associated with this experience. 
While many of the acute effects of surgery and adjuvant 
treatments, such as chemotherapy and radiation, resolve soon 
after the treatment ends, other symptoms and/or health problems 
can persist for months and years after treatment, and some 
health conditions associated with treatment may not emerge 
until long after the initial treatment has ended (e.g., lymphedema, 
osteoporosis) (53). Cancer treatment often results in a decrease 
in physical activity and deconditioning associated with disuse 
of muscles. Thus, it is important to determine whether exercise 
training improves muscular strength in cancer survivors.   

Recent reviews have reported clear benefits of physical activity 
for cardiovascular fitness and muscular strength among cancer 
survivors and modest outcomes with respect to reducing fatigue 
or improving mood or quality of life (53). Most published 
exercise trials in breast cancer survivors have examined the 
impact of exercise on psychosocial outcomes and fitness and have 
demonstrated that exercise is safe in this population and produces 
beneficial effects on quality of life, fitness and cancer-related 
symptoms.

Cancer-related fatigue is one of the most commonly reported side 
effects of cancer and the related treatments, and is not predictable 
by cancer site or tumor type. Cancer-related fatigue is unique 
from other types of fatigue in its persistence and severity (54). 
The effects of physical activity interventions on cancer-related 
fatigue have been tested in numerous randomized clinical trials, 
the majority of which found positive improvements. 

In one of the largest studies to date, Courneya and colleagues 
examined the effects of aerobic exercise alone, resistance 
exercise alone, or usual care, on fitness, muscular strength, body 
composition, and quality of life in 242 breast cancer survivors 
initiating chemotherapy (55). There were significant favorable 

effects of both aerobic and resistance exercise on multiple 
outcomes including self esteem, fitness, and body composition, 
as well as increased chemotherapy completion rates compared 
with usual care. Furthermore, no significant adverse events were 
reported; lymphedema did not increase or was not exacerbated 
by aerobic or resistance exercise. Recently, other clinical trials 
of women with breast cancer have shown no increased risk for 
or exacerbation of lymphedema from either aerobic and/or 
resistance exercise (56). Courneya and colleagues also completed 
a similar trial of aerobic exercise vs. usual care in breast cancer 
survivors who had completed adjuvant treatment, and observed 
similar favorable effects of exercise on fitness and overall quality 
of life (57). 

In a recent roundtable of the American College of Sports 
Medicine, it was concluded that although there are specific risks 
associated with cancer treatments that need to be considered 
when survivors exercise, there seems to be consistent evidence 
that exercise is safe during and after cancer treatment (53). 
Exercise training-induced improvements can be expected 
concerning aerobic fitness, muscular strength, quality of life, and 
fatigue in breast cancer survivors (53). 

Physical Activity and Breast Cancer Survival

Four large observational studies have recently been published 
demonstrating that participation in moderate-intensity 
recreational physical activity after diagnosis is associated with 
improved survival in women who develop breast cancer (58, 59, 
60, 61). These studies have demonstrated a 24-67% reduction in 
the risk of total deaths and 50-53% reduction in the risk of breast 
cancer deaths in women who are physically active after breast 
cancer diagnosis compared with women reporting no recreational 
physical activity. Throughout these studies, the decreased risk of 
death, especially overall death, associated with physical activity 
was observed in pre- and postmenopausal women, overweight 
and normal weight women, and women with stage I-III disease. 
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Table 1. Recommended levels of physical activity in relation to 
breast cancer prevention and treatment

Age or Health Status Aerobic Activity

For Breast Cancer Prevention

Children and Adolescents (6-17 yrs)

Adults (18+ yrs)

Moderate Vigorous

1 hr./day At least 3 
days/week

3 days/week of each

150 min./week 75 min./week 2 days/week muscle strengthening

After a Breast Cancer Diagnosis

After Surgery Resume normal daily activities and exercise as quickly as possible, 
following your surgeon’s recommended timeline.

During Chemotherapy
and/or Radiation

Continue normal daily activities and exercise as much as possible 
during treatment, but adjust your routine as effects of treatment dictate. 
Consult with your physician as needed.

After Initial Treatment Has Ended Strive to meet recommended levels of activity, but if not possible due to 
your fitness level or a health condition, try to be as physically active as 
your abilities allow. Consult with your physician as needed.

Special Considerations Surgery and radiation treatment may adversely affect flexibility in the 
upper body. Adjustments to exercise routine may be required. Also, 
women with metastatic breast cancer may be at increased risk for bone 
fractures, so gradual progression of exercise amounts may be required. 
Women with metastatic disease should discuss their exercise program with 
their oncologist. 

Equivalent combinations of moderate or 
   vigorous activity are permissible.
Additional health benefits, and better weight
   maintenance, may be obtained by doing 
   twice the recommended levels.

Muscle & Bone Strengthening



Research Digest   SEPTEMBER 2010 7

While any amount of recreational physical activity performed 
after diagnosis was associated with a decreased risk of death, 
the maximal benefit occurred in women who performed the 
equivalent of brisk walking three hours per week. Given that 
women who are more physically active after diagnosis may have 
been more active before diagnosis, these studies cannot exclude 
the possibility that physically active women develop breast tumors 
that are biologically less aggressive.

These observational findings of post-diagnosis physical activity 
and improved survival suggest that exercise may confer additional 
improvements in breast cancer survival beyond surgery, radiation 
and chemotherapy. However, despite this growing body of 
observational evidence suggesting a strong link between physical 
activity and breast cancer survival there is still the potential for 
unknown or poorly characterized factors to confound these 
associations. For example, women who participate in higher levels 
of physical activity may engage in many other healthy behaviors 
that contribute to reduced risk, or they may be more adherent to 
their cancer treatments. 

Conclusions
Physical activity has been shown to be a beneficial behavior 
for the prevention of breast cancer and many other common 
chronic diseases. For general health promotion, engaging in 150 
minutes per week of moderate-to-vigorous intensity physical 
activity (example: brisk walking), 75 minutes per week of 
vigorous intensity activity (example: running) or an equivalent 
combination of both is recommended for adult women. 
The biological mechanisms through which physical activity 
may confer protection include: a favorable influence on sex 
hormones, insulin-related pathways, the prevention of weight 
gain and obesity, and potential effects on adipokine levels and 
inflammatory pathways. 

Regarding physical activity after a diagnosis of breast cancer, one 
of the most common questions cancer survivors ask is: “What 
can I do to improve my survival?” (62). As with preventing cancer, 
physical activity has been shown to have a multitude of health 
benefits (31) for living well after cancer, and importantly, it is a 
behavior women can change and has been shown to be safe. With 
specific exercise programming adaptations based on disease and 
treatment-related adverse effects, cancer survivors are encouraged 
to follow the physical activity guidelines developed for the general 
population. (54) Even in cancer patients with existing disease 
or undergoing difficult treatments, avoiding inactivity (e.g., 
decreasing time spent sitting) is likely to be helpful (53).

“R egular participation in exercise during 
adolescence and throughout adulthood can 
help reduce a woman’s risk of developing 
breast cancer, and among breast cancer 
survivors, regular exercise can improve 
side effects of treatment, and may 
increase survival.”
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